The advent of renewable energy conversion systems exacerbates the existing issue of 25 intermittent excess power. Microbial electrosynthesis can use this power to capture CO 2 and 26 produce multicarbon compounds as a form of energy storage. As catalysts, microbial 27 populations can be used, provided side reactions such as methanogenesis are avoided. Here a 28 simple but effective approach is presented based on enrichment of a robust microbial 29 community via several culture transfers with H 2 :CO 2 conditions. This culture produced 30 acetate at a concentration of 1.29±0.15 gL -1 (maximum up to 1.5 gL -1 ; 25 mM) from CO 2 at a 31 fixed current of -5 Am -2 in fed-batch bioelectrochemical reactors at high N 2 :CO 2 flow rates. 32
INTRODUCTION 48
The electricity-driven production of high-value chemicals and fuels from CO 2 1-3 and/or 49 organic substrates 4,5 using microorganisms is a developing technology concept for 50 bioproduction and storage of excess energy as chemicals. 6 It is a far less land intensive 51 approach compared to a crop-based bioproduction scheme. This concept is referred to as 52 microbial electrosynthesis (MES) and typically relies on the capability of microorganisms to 53 grow on the cathode surfaces or in the bulk of bioelectrochemical systems (BESs) by 54 consuming reducing equivalents released from the electrode as their energy source. 7, 8 Due to 55 inadequate knowledge on microbial inoculum sources today, obtaining novel microorganisms 56 for cathodic bioproduction either through screening of pure strains or through enrichment-57 selection strategies from mixed inoculum sources is of crucial importance for the 58 development of MES. 9 The need for good inoculum sources as well as thoroughly engineered 59 reactor systems becomes clear as production rates of current systems are low ( Table 1) . 60
For acetate bioproduction processes starting from CO 2 , homoacetogens are the obvious 61 choice of microorganisms because of their ability to fix CO 2 via the efficient Wood-62 Ljungdahl pathway. 6,10 Only a few pure strains have been reported to use electricity for 63 converting CO 2 into valuable chemicals such as acetate. 1, 11 Mixed microbial inoculum sources 64 have also successfully been applied for MES of mainly acetate. [12] [13] [14] [15] The use of mixed 65 microbial inocula offers some advantages over pure cultures such as the possibility to operate 66 reactors with limited or no sterile conditions, no risk of strain degradation, resistance to 67 operational perturbations and adaptive capacity of the biocatalyst to its diverse composition. 68 However, when using mixed inoculum sources the production of acetate via MES has to 69 compete with the production of methane in the original inoculum. 13, 16, 17 The practice of using 70 methanogenic inhibitors such as 2-bromoethanesulfonate can result in improvement of acetate 71 production rates. 13, 16 ,17 Short-term suppression of methanogens by such inhibitors and the 72 5 need for continued addition of such inhibitors to the reactors limits their use for long-term and 73 large-scale applications. 6 Moreover, delays in start-up of bioproduction (up to 40 days) have 74 been reported with the use of a mixed inoculum sources directly from their natural habitat. 12-14 75 In most of these cases, microbial enrichments were directly achieved in BES cathodes. 76
Recently, a successful pre-enrichment strategy comprising the growth of inoculum first in 77 serum cultures and then in cathode chamber of BESs has been reported for enhancing the 78 start-up times of autotrophic biocathodes. 15 However, glucose was used as carbon source 79 during these enrichment phases, which consequently affected the overall bioproduction into a 80 wide variety of products. 15 It is noteworthy to stress here that this particular study reported a 81 generalized method for pre-enrichment using alternative electron donors to develop anaerobic 82 biocathodes for electrosynthesis in BESs. 83
The goal of this study was to investigate if (i) it would be possible to enrich a mixed 84 microbial community from an anaerobic environment on H 2 :CO 2 for only acetate production 85 and (ii) how this enriched microbial community would behave in a galvanostastically 86 operated cathode. The enrichment approach comprised of the addition of 2-87 bromoethanesulfonate only once in the initial phase followed by several culture transfers 88 across serum flasks in quick succession to eliminate methanogenic activity. A resulting 89 enriched community used in BES cathodes lead to an instant start-up of the bioproduction 90 process. Different from previous studies that applied potentiostatic control for a CO 2 to 91 acetate process, here, the BESs were operated in galvanostatic mode to ensure a constant flux 92 of electrons towards the microorganisms. 5,18 93 94
MATERIALS AND METHODS

95
Enrichment experiments. As a source of microbial inoculum, several mixtures of anodic 96 effluent of a microbial fuel cell 19 and the effluent of a lab-scale Upflow anaerobic sludge 97 6 blanket reactor (UASB) digesting microalgae 20 were used. The selection of these two 98 inoculum sources was based on the theoretical possibility of the presence of the needed 99 functional traits within the microbial community i.e. interaction with an electrode (anode 100 biomass) and the formation of products from CO 2 as a carbon source (UASB biomass). The 101 enrichment experiments were conducted in serum bottles (120 mL) filled with 40 mL growth 102 medium based on Leclerc et al. 21 and with a H 2 :CO 2 (70:30) headspace at 50 kPa 103 overpressure (data for three enrichment cultures E1-E3; Figure S2 ). The composition of the 104 modified growth medium is provided in Table S1 . All incubations were done at 28°C on a 105 rotary shaker maintained at 100 rpm. 2-bromoethanesulfonate (0.5 mM) was added only once 106 in the medium during the start-up of enrichment phase to inhibit methanogenesis. 22 The initial 107 transfers (during the enrichment phase) were based on the experimental observations of 108 acetate production ( Figure S2 ). Subsequent quick culture transfers (1000x dilution every 2 109 days for 3 consecutive cycles) were then performed at the end of the enrichment phase (i.e 110 starting at day 110, Figure S2 ). In order to keep track of acetogenesis and methanogenesis, the 111 production of VFAs and headspace gas composition and pressure were monitored by 112 analysing samples every 2 days. 113
114
Microbial electrosynthesis experiments. All MES experiments were carried out under 115 galvanostatic control (Potentiostat/Galvanostat Model VMP3, Biologic Science Instruments, 116
France) using custom-made glass reactors (250 mL) with five necks ( Figure S1 ; based 117 on 23,24 ). A modified homoacetogenic medium (125 mL) lacking yeast extract, tryptone, 118 resazurin and Na 2 S with pH 7.6±0.2 was used as production medium (referred to as catholyte) 119 in the cathode chamber (Table S1 ). CO 2 was initially supplied in the form of sodium 120 bicarbonate (30 mM) as the sole carbon source in the medium. The anolyte was 0.5 M 121 Na 2 SO 4 with pH 2.5 (adjusted with 1 M H 2 SO 4 ). In order to avoid limitations from anodic 122 7 reactions, dimensionally stable anodes and abiotic conditions were used. 18 To ensure similar 123 start-up conditions, the enriched acetogenic culture (E3) was revived from a -80 °C stock 124 culture (40% glycerol) under H 2 /CO 2 atmosphere in serum flasks to check activity. Cathode 125 chambers were inoculated to a final density of ~10 7 intact cells per mL. The cell count was 126 determined by viability staining method using flow cytometry (Accuri C6 flow cytometer; BD 127 Biosciences). 25 The procedure was adjusted to 4 µM propidium iodide (PI) and incubation for 128 13 min at 37°C. The cathode chamber was continuously purged with N 2 :CO 2 (90:10) using 129 gas flow meters (OMA-1, Dwyer, UK) in order to maintain anaerobic conditions in reactors. 130
This also served as a constant source of CO 2 and buffering agent in the medium. The effluent 131 gas from the cathode chamber was sent through the anode chamber to strip O 2 produced at the 132 anode. Different N 2 :CO 2 flow rates (high; >5 L d -1 and low; <1.5 L d -1 ) were used in order to 133 investigate its effect on the electron recovery in acetate and residual H 2 (Table S2 ). The gas 134 flow rates were monitored and determined by using the water displacement method. The 135 applied gas flow rates did not result in a change in catholyte volume due to evaporation. 136 Electrosynthesis was facilitated by providing a constant cathodic electron supply by means 137 of setting a fixed current of -5 A m -2 using chronopotentiometry i.e. galvanostatic conditions. 138 (With the reactors used in this study, 5 A m -2 translates, assuming 100% conversion to 139 acetate, to ~33 g m -2 cathode d -1 . The aim behind using -5 A m -2 was not to be limited on supply 140 of reducing equivalents which was clearly the case as maximum production rates in our 141 experiments were in the range of 19 g m -2 d -1 (see results & discussion)). The use of 142 galvanostatic operation leads to the production of H 2 at the cathode. This is of high 143 importance to ensure quick consumption of large currents in the framework of excess 144 electrical energy storage. Despite the low solubility of H 2 at ambient conditions (0.002 g L -1 145 water, 26 although in situ production of H 2 may lead to supersaturation), and its retention or 146 distribution in reactors, 27 this approach offers some interesting possibilities. Firstly, it can 147 8 enable the participation of planktonic cells in electrosynthesis processes. Secondly, the excess 148 H 2 can be coupled to conventional biorefineries for supporting further conversions. 149
Consequently, it can contribute in bringing down the cost of H 2 production in conventional 150 chemical refineries. Finally, as H 2 is a gaseous product, it separates naturally and therefore 151 does not interfere with the downstream processing of soluble products. 152
These experiments were conducted in a fed-batch or batch mode at 28±2°C. In batch mode, 153 all removed liquid during sampling was replaced with an equal amount of anaerobic sterile 154 medium. In fed-batch experiments, medium exchanges after each batch cycle were 155 accomplished by replacing 90% of the spent medium with an equal volume of fresh medium. 156
The remaining 10% of the spent medium acted as an inoculum source for the subsequent 157 cycle. Furthermore, both anolyte and membrane were replaced during medium 158 replenishments. Cyclic voltammograms (CVs) were recorded at a scan rate of 1 mV s -1 at 159 different time points in order to get mechanistic insights into the electrochemical reactions 160 occurring at the cathodes. All CVs were recorded under constant N 2 :CO 2 purging conditions. 161
The CV scans were started from '0' V vs Ag/AgCl and were recorded for two cycles in order 162 to obtain reproducible and stable voltammograms. The 2 nd cycle is reported in the paper. The 163 most important operational parameters and main objectives of each experiment with these 164 reactors (R1 to R6) are presented in Table S2 . The enriched acetogenic culture grown in serum bottles with CO 2 :H 2 as well as samples (both 175 catholyte and biocathode) from the MES reactors (R1 to R2) taken at different time points as 176 elaborated further below were processed for microbial community analysis. The samples were 177 taken at day 19 of the batch cycle 1 from both reactors, and at day 63 and day 70 of the batch 178 cycle 3 from R1 and R2, respectively ( Figure 1A & 1B) . In addition, a cathode sample was 179 taken at the end of the experiment of R2 (day 110; Figure S6 ). For further details on 180 molecular biology protocols please refer section S1. 181
182
RESULTS AND DISCUSSION
183 Enrichment of the mixed microbial culture lacking methanogenic activity. The 184 enrichment of an acetogenic culture was assessed by volatile fatty acids (VFAs) and methane 185 production in actively growing cultures provided with CO 2 and H 2 . Methane production was 186 only detected after accumulation of acetate (data for three replicate enrichment cultures E1-187 E3; Figure S2 ), leading to the hypothesis that acetoclastic methanogenesis was the dominant 188 process in the start-up inoculum used. Therefore, multiple transfers in quick succession (after 189 2 days incubation, 1000x dilution) were made in fresh medium, which eventually resulted in a 190 washout of methanogenic activity ( Figures S2, S3 ). 191 A representative enriched acetogenic culture (E3), which was revived from -80°C storage 192 and used for subsequent tests, produced independent of the enrichment phase acetate and 193 other VFAs, but no detectable methane at static conditions (Table S3 ). Methane was not 194 detected even after incubation of these cultures for more than a month, thus clearly indicating 195 the inhibition of methanogenic activity. These observations were initially confirmed by PCR 196 analysis ( Figure S3 for methods and results) and further corroborated by analysing enriched 197 10 communities through 16S rRNA gene amplicon sequencing ( Figure 5 ). In the presented case 198 the enrichment phase lasted 110 days. However, we would like to stress here that such a long 199 duration is not needed for the initial enrichment phase. The quick culture transfer steps 200 ( Figure S2 ) can be done at the moment acetate production occurs in the serum flasks thus 201 shortening the enrichment phase considerably. 202 203 Microbial electrosynthesis of acetate from CO 2 . Abiotic (un-inoculated, connected) and 204 biotic (inoculated but disconnected) control experiments were conducted for >2 weeks under 205 constant N 2 :CO 2 flow but did not result in production or accumulation of acetate or other 206 VFAs (data not shown). In order to check the efficacy of the enriched acetogenic culture for 207 bioproduction of acetate from CO 2 and electrical current, initially, two BESs, R1 and R2, 208
were operated for three fed-batch cycles. Acetate production started immediately in both 209 reactors ( Figure 1 ). This can be attributed to the immediate activity of acetogenic 210 microorganisms in CO 2 reduction and also to the fact that the constant supply of current at the 211 cathode. In both reactors, an increase in acetate concentration over time and eventual 212 stabilization in the range of 1 to 1.5 g L -1 (16 to 25 mM) in all fed-batch cycles was observed. 213
The maximum concentrations of acetate produced in R1 and R2 were 1.5 g L -1 and 1.2 g L -1 214 respectively. Other VFAs such as formate, propionate and butyrate were also produced, but in 215 low concentrations (˂0.06 g L -1 ) ( Figure S4 ). No ethanol was detected at this stage of the 216 MES process. These results indicate the ability of the enriched acetogenic culture for the MES 217 of acetate as a major product. The production of acetate in both reactors was accompanied by 218 a gradual decrease in the pH of the catholyte (from 7.5 to <6.0), attributed to the accumulation 219 of VFAs in these reactors. The pH drop was not associated with the diffusion of protons from 220 the anode chamber as confirmed with abiotic control tests conducted with electrically-221 disconnected reactors at similar conditions (data not shown). No methane was detected in 222 these reactors for two fed-batch cycles. However, during the prolonged duration of 223 experiments after attaining maximum production in the third batch cycle, methane production 224 was observed (though below quantification limit). It is important to note that methane was not 225 detected at the end of the second batch cycle even after closing the gas flow for two days. 226
Appearance of limited methane will likely influence the overall production efficiency on the 227 long run. When operating the MES reactors as a batch production process with reactor or 228 electrode cleaning in between, the influence of methanogenesis can be further limited. 229
Inoculation of a new or cleaned reactor with this particular enrichment delivers reproducible 230 results (see Fig S9) . 231
In case of R1, 64±13% and 19±3% of the electrons were recovered in acetate and H 2 , 232 respectively ( Figure 1C Figure 2 ). Up to 1.3 g L -1 (21.5 mM) and 1.2 g L -1 (20 mM) of acetate production was 246 achieved with R3 and R4 respectively. The gradual increase in acetate concentration was 247 12 accompanied by the increase in OD 610 in these reactors (from 0.03 to 0.27 in R3 and from 248 0.03 to 0.31 in R4). Other VFAs, mainly butyrate up to 0.06 g L -1 , were again present in low 249 amounts. Electron recoveries in acetate with R3 and R4 were up to 61% and 56% 250 respectively. Similar to R1 and R2, a large portion of the electrons was recovered in H 2 (26% 251 in R3 and 41% in R4). A substantial amount of the electrons was also recovered in other 252 products as soluble COD (13% in R3 and 12% in R4). In agreement with earlier observations, 253 no methane was detected in the off-gas of these reactors. When acetate production reached its 254 maximum, these reactors were subjected to further analyses (microscopy and CV) as will be 255 discussed in the following sections. The CV data also reveals that the current draw at -1.2 V in the case of a biocathode (-2 to -277 2.5 A m -2 ) is 8-10 times higher than the abiotic cathode (-0.25 A m -2 ). The increased current 278 production in the biotic scans strongly supports the involvement of microbial catalysis in 279 current draw from the electrode. This can be due to an enhanced removal of H 2 from the 280 cathode surface at a faster rate by the microorganisms. In addition, Figure 3B reveals that for 281 the electrosynthetic biocathode in fresh medium, one redox reaction is found between -0.05 282 and -0.35 V, one irreversible oxidation reaction at -0.4 V and one oxidation reaction at -0.7 V. 283
It seems unlikely that these redox-active moieties played any important role in the electron 284 uptake process as the actual potential recorded during the MES experiments was -1.35±0.1 V 285 (Table S2) Azovibrio which is capable of N 2 -fixation. 33 Remarkably, the genus Arcobacter was present in 319 the effluent of R2 up to 12% relative abundance. This genus has been implicated to harbour 320 species capable of electron transfer to an electrode. 47 It is likely that Arcobacter, in this case, 321 15 does not perform a unique, essential function as it was only present in the effluent of one 322 reactor and not in the biofilm. Known homoacetogens 34 such as Sporomusa and 323
Acetobacterium were present at relatively low abundance (<10%), suggesting unknown or 324 biofilm based acetogens may have been involved in the MES process. Marshall et al. 13, 17 and 325
LaBelle et al. 28 have also observed a low relative abundance of Acetobacterium in the 326 supernatant compared to a relative enrichment of Acetobacterium in the biofilm on the 327 electrodes. A decrease in species richness from the supernatant towards the biofilm was also 328 observed in this work (i.e., 31% less OTUs were recovered from the biofilm compared to the 329 effluent of reactor R2; Figure 5 ). 330
Methanogen abundance in the effluents of R1 and R2 was low at the end of the first batch 331 cycle (<0.02%), and increased to 17% after cycle 3. The relative abundance of 332
Methanobacterium was higher in the cathode biofilm and reached up to 47% towards the end 333 of the experiment. However, the total biomass of methanogens was relatively low compared 334 to the total bacterial biomass (Max. <13% cell dry weight; calculation S1). 335
As the cathode samples were analysed at the end of the experiments (>3.5 months; Figure  336 S6), the prolonged duration of the experiments may have resulted in the revival of 337 methanogens and other microbial groups that were present in low abundance in the initial 338 enriched culture. Interestingly, Methanobacterium has been enriched on anaerobic mixed 339 culture biocathodes before, 35 also in conjunction with Acetobacerium. 13, 28 In this work an 340 increased relative abundance of Acetobacterium from 2.7% in the suspension to 16.7% in the 341 biofilm was observed. Although Methanobacterium is able to produce activated acetate 342 (Acetyl CoA) from CO 2 , 36 large amounts of extracellular acetate production via this pathway 343 is rather unlikely because this seems merely an assimilatory process rather than an acetate 344 excreting process such as the Wood-Ljungdahl pathway. A more plausible explanation for the 345 high abundance of Methanobacterium on cathodes (here without quantifiable CH 4 production) 346 16 is the enhanced production of H 2 as proposed for a new Methanobacterium isolate IM1. 37 In 347 the resulting model from this theory, current is converted into molecular H 2 by means of the 348 hydrogenases on the cell wall of Methanobacterium or by other enzymes released in the 349 biofilm by the methanogenic biomass 44,48 which is subsequently scavenged by acetogens 350 before it can be transformed into CH 4 . The IM1 isolate has recently been shown to produce 351 H 2 instead of methane when confronted with an excess supply of reducing equivalents on a 352 cathode. 38 and comparatively less electrons were recovered in H 2 (19±3%). At increased gas flow rates 377 (6.0 and 6.5 L d -1 ), the percentage recovery of electrons in H 2 increased up to 37%. It 378 increased further to more than 40% at 7 L d -1 flow rate. Flushing H 2 at faster rates from 379 reactors clearly affected the electron recovery in acetate as it restricted the retention of H 2 in 380 the cathode. Very low gas flow rate (1.25±0.25 L d -1 for R5 and R6, see below) affected 381 electron recovery in H 2 (<10%) but no effect was observed on the electron recovery in acetate 382 (44±5%). These observations highlight the importance of fine-tuning the gas flow rates 383 depending upon the product(s) of interest. However, gas flow rates had no substantial effect 384 on the concentration of acetate all these reactors (R1 to R6; 1.37±0.19 g L -1 ). 385 386 pH, CO 2 , current and growth factors did not limit acetate concentrations. With the 387 enriched acetogenic culture, the acetate production in all these reactors was stabilized at 388 maximum 1.5 g L -1 . A decrease in the pH (˂6.0) of the catholyte (Figure 1 and 2) was initially 389 suspected to be the reason for the limited acetate production. Therefore, two additional BESs 390 were started (R5 and R6) to understand the influence of pH on the maximum acetate 391 concentration. In reactors R5 and R6, the catholyte pH was kept in the range of 7.6 to 8.4, 392 which resulted in acetate concentrations (1.4 to 1.7 g L -1 ; Figure S8 ) in a similar range as 393 observed in R1-R4. These observations suggest that the observed low pH was not the major 394 factor limiting the acetate concentrations in these reactors. However, lower pH values (~5.0) 395 than observed in this work have been recently reported to limit acetate production. 28 396 Furthermore, the bicarbonate concentration in these reactors remained in the range of 2.5 to 397 6.5 g L -1 ( Figure S8) , thereby ruling out possible carbon limitations. Preliminary observations 398 with additional supply of current and growth factors (vitamins and trace metals) also indicated 399 their non-limiting role in acetate production (data not shown). Continuing the operation of 400 batch cycle for longer period didn't improve acetate concentrations ( Figure S6 ). Instead, it 401 lead to the transition of production from acetate to ethanol during the third batch cycle of R2. 402
Further analyses of the products and mechanisms in this case were beyond the scope of this 403 study. 404 Therefore, acetate concentrations achieved at the end of each batch cycle in this study are 405 most likely due to the reactor design, the electrode to volume ratio, and retention or 406 availability of H 2 that acts as an energy source for acetogenic microorganisms. On the basis of 407 our observations, strategies such as i) increasing the cathode surface area relative to the 408 production medium, ii) exploiting efficient H 2 producing cathode materials, iii) testing 409 different reactor designs, and iv) more inocula from different sources need to be investigated 410 to establish the key factor limiting the concentration of the desired product. 411 412 Acetate production rates. On average, 19±2 g m -2 d -1 (maximum up to 28 g m -2 d -1 ) acetate 413 was produced with carbon felt cathodes in reactors R1 to R4 ( Figure S9 ). As presented in 414 Table 1 , this is the highest, reproducible acetate production rate achieved so far with 415 unmodified carbon-based electrodes in MES process, irrespective of the microbial inoculum 416 source. This can be attributed to the porous and fibrous nature of unmodified carbon felt 417 cathode that allows efficient mass transfer, possess high real surface area, provides habitat for 418 the growth of bacteria besides its conductive and biocompatible properties. Rates are 419 compared based on projected cathode surface area as this will likely be the main parameter for 420 scale up i.e. a parallel plate reactor with as high as possible surface to volume ratio. Although 421 19 Jiang et al. 12 achieved similar surface based rates (19 g m -2 d -1 ), they did not show the 422 robustness of their enrichment, moreover the start-up time to achieve these rates was in the 423 order of 40 days. In addition, similar to the work of Marshall and co-workers 13,17 methane was 424 still present in the headspace or had to be suppressed by using 2-bromoethansulfonate. A 10-425 fold higher acetate production rate (195±30 g m -2 d -1 ) was achieved with multiwalled-carbon-426 nanotubes modified reticulated vitreous carbon (nanoweb-RVC) cathodes. 14 In this case, the 427 high rate was attributed to the nanostructure and the high surface area to volume ratio of the 428 modified RVC cathodes compared to their unmodified counterparts. Such nanostructured 429 electrodes 14,45 and the use of an enriched culture as presented here, could result in improved 430 start-up times consequently leading to high production rates and stable, reliable process 431 operation over longer periods. In case of the use of electrodes with non-defined surface area, 432 the performance of MES processes can be compared considering the volumetric production 433 rates as presented in Table 1 . Volumetric production rates of acetate via H 2 :CO 2 conversions 434 by a genetically modified A. woodii 49 On the use of enrichment approach and mixed culture inoculum sources for MES 441 processes. Even though mixed cultures offer some operational advantages, similar to mixed 442 culture fermentations their use in MES processes is associated with the production of a 443 mixture of products. Such issues can be addressed by using an initial enrichment strategy (as 444 presented here), selective removal of the target product(s) 46 and/or long-term culture 445 adaptation towards the production of specific products. 17 Our strategy of pre-enrichment of 446 20 the acetogenic microbial community under selective pressure (H 2 :CO 2 conditions) prior to 447 reactor operation shows promising results as far as start-up phase and the production of 448 acetate from CO 2 and electrical current is concerned. The presence of methanogens in the 449 catholyte solution and in the biofilm on the cathode was evident after prolonged reactor 450 operation although this did not notably affect product outcomes. Though the methanogenic 451 activity was irrelevant for more than two months of reactor operation, these results also 452 suggest that the enrichment strategy presented here to eliminate methanogens on the long 453 term is not successful. These findings point to a need for better strategies to prevent 454 methanogenesis or methanogens on the longer term. Nevertheless, based on acetate 455 production rates and profiles, a batch production process where production is stopped upon a 456 maximum concentration of product, the reactor is cleaned and a new batch is started, as is 457 done in industrial fermentation processes, can be envisioned. Using this approach with an 458 active start-up inoculum and limited methanogenic activity will ensure a dedicated process 459 without interference of side reactions. 460
Bioproduction in a cathode can be facilitated by operating reactors either in a potentiostatic 461 or a galvanostaic mode. In a potentiostatic mode, the potential at the working electrode is set 462 at more positive value (usually >-600 mV vs Ag/AgCl) depending upon the electrode 463 materials to avoid abiotic H 2 production and to facilitate direct electron uptake process. Lower 464 potentials can also be set using the potentiostatic mode. The energy input in using more 465 positive potentials is usually lower. In a galvanostatic mode of reactor operation, as presented 466 in this study, the current is fixed to enable a constant flow of electrons to the microorganisms. 467
However, this can lead to more negative cathode potentials leading to a higher energy input. 468
The ultimate measure to determine the optimal strategy is the amount of energy input per 469 gram of product produced. 470
21
In summary, in addition to providing a promising pre-enrichment strategy for a robust 471 microbial community for autotrophic acetate production, these results expand the existing 472 knowledge on electricity-driven bioproduction processes. The enriched acetogenic culture 473 exhibited consistency in the production of acetate via MES in several independent 474 experiments. The combined use of i) a galvanostatic approach for continuous supply of 475 reducing equivalents and ii) an enriched culture enabled rapid start-up of electrosynthetic 476 biocathodes and high acetate production rates (up to 28 g m -2 d -1 ). The galvanostatic approach 477 also leads to the production of H 2 , the excess of which can be used for other catalytic or 478 production processes. These results also suggest that a useful bioproduction system could be 479 developed irrespective of the presence or the absence of direct electron uptake mechanism. 480 Overall, these two approaches pave the way for a fast conversion of excess electrical energy 481 into storable energy carriers. 650 Note: It is practical to consider projected surface area of the cathode for calculating rates since this is the main driver determining the reactor geometry and size. Therefore the 651 rates are compared considering the projected cathode surface area (in addition to volume-based rates) irrespective of the used electrode material or reactor design. 
